Abstract. Cable stayed bridge is one of the competitive structural solution in the mountainous regions of southwestern China. However, it is particularly challenging to develop efficient system for the unpretendingly high piers. In this paper, the nonlinear finite element model of the proposed cable stayed bridge has been developed, and the static structural behavior, buckling, ultimate bearing capacity and dynamic characteristics were determined by detailed numerical analysis. Some recommendations have been proposed according to the numerical results.
Introduction
Cable stayed bridge is competitive structure to span relatively wide river or gorge. The girder was supported by the high strength cables, and it is a balanced system that no external anchorage is required. However, it is challenging to design a cable stayed bridge with extremely high pier, such as Millau viaduct in France [1] , Chishi Bridge in Hunan, China [2] . Wind effects, nonlinear buckling bearing capacity and seismic response are the most challenging problem that have to design with particular attention.
Most of the mountainous western china are earthquake prone zone, so it is critical to evaluate the seismic response of cable-stayed bridge especially with high pier [3] . In this paper nonlinear finite element model was developed to analyze a new design proposal of prestressed concrete girder bridge with the CFST pier. Based on the results of displacement, buckling and dynamic characteristics, the structural performance was identified.
Bridge Description and Modelling
The proposed cable-stayed bridge over the Jinyang River is located in Liangshan Yi Autonomous Prefecture, Sichuan. The bridge has a main span of 300 m and two side spans of 150 m. The height of tower pylon is 81.5 m and the two main piers are of 147.6 m and 202.6 m respectively (Figure 1) . The girder has a ladder shape section, and was prestressed segment by segment with the construction evolves. Both the tower and girder are concrete ( Figure 1 ). The girder is designed as single box section, which has a constant depth of 2.2m. The cable-stayed bridge is discretized into 951 nodes and 924 elements. Both ends of the girder is supported by hinge bearing, pier and pile are connected using rigid links. Elastic springs are used to model horizontal support of soil on piles. The calculated loads include: self-weight, settlement of foundation, temperature, vehicle load and the wind load. 
Static structural behaviors
The static structural behaviors are defined as the displacement, buckling under design load combinations. Figure 3 show the bending moment along the tower and girder for the final state. It is obvious that the bottom section of both tower sustain relatively large amount of bending moments. Obviously, the bending of tower can be alleviated fully by appropriate jacking before the closure of the main span. The design internal forces for permanent design situation are listed in Table 1 , where the max compression in #6 tower is 835,700 kN. 
Ultimate bearing capacity of high piers
Large span bridges with high piers have significant geometrical nonlinearity including beam-column effect and large displacement, and the elastic bearing capacity would be reduced. The elastic buckling mode along the longitudinal and transverse directions are shown in Figure 4 .
The first buckling shape of tall piers are along the longitudinal direction and has a buckling coefficient of 12.8 after the completion of bridge. While the buckling coefficient for longest cantilever phase is 9.9 along the transverse direction. As stated above, the elastic bearing capacity of high piers would be reduced due to the geometrical nonlinearity. A detailed solid finite element model was then developed to verify its nonlinear buckling or ultimate bearing capacity ( Figure 5 ). The buckling load factor is of 5.2 for the final bridge, demonstrating the significant reduction of geometrical nonlinearity effects. 
Seismic response of the bridge
Using the beam-like FE model and subspace iteration method, the first 10 modes of free vibration are listed in Table 2 . 
Conclusion
A design proposal of cable stayed bridge with high piers was analyzed through finite element analysis. It shown that this kind of bridge can provide reasonable static behavior during operation. Further, elastic and nonlinear buckling analysis shown that the great height of pier has significant effect on the bearing capacity of the piers. Finally, the natural vibration of fundamental dynamic characteristics was discussed, and it was shown that the cable stayed bridge with high piers show very low stiffness in both transverse and vertical direction. Attention should be paid for the optimization of piers in other project. 
